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/ Outline \

« Conditions for jet-quenching should lead to jet-plasma
Interaction as source of EM radiation.

* Real photon production: jet-photon conversion by the
nlasma.

« Lepton pairs: large invariant mass pairs produced by jet-
nlasma interaction.

o Simple estimates of source-strengths.
 Dilepton jet-tagging: a case study.

\_ /

i Charles Gale F__EE
JNf(H Quark Matter 2004 McGill %




/ RHIC:Spectacular “jet-quenching”!
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A related measurement (to R, »): Azimuthal correlation
— Shows the absence of “away-side” jet.
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Jet-quenching
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ﬂ\ny help from electromagnetic radiatiom

* Photons and dileptons are penetrating probes
a, ~0.2

o, ~0.007
* New physics: collective, many-body effects

* Quark-gluon plasma: “traditional” thermal radiation

 In-medium modifications
— Modified spectral densities
— Chiral symmetry restoration
— Mixing effects
— Pion dispersion relation
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/ Jet-Plasma interaction \

The plasma mediates a
jet-photon conversion

/
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/ Jet-plasma interactions: EM
sighatures

« Real photons from quark-antiquark annihilation

2

%

» Small t and u dominate the phase space, leading to p, = p,and p, ~ p;

do

v d3p7

E

~ 0(8)%[53(@ - pq)+53(p7 B pa)]

\ The process can be visualized at g (q) — v
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ﬁhotons from QCD Compton - \

d
E, dg‘; ~a(s)5°(p, - p,)

/4

Photon yield from the jet-plasma interaction.
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Jet characteristics are calculable

e SPS
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Jet characteristics are calculable
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Jet characteristics are calculable

q

-: 1“1[ \ Jeta for Aut-Anat 877 = Ax200 CeV 1 3| @ Cloow AutAu at Y = Ax200 GeV
anll HL = 1“ " Qnmﬂm -
e LHC

dN / d*pp dy [GeVT)

10° Jeta for Pb+Ph at 8Y2=Ax5.5 TeV | 10| o e Pb+Pb at 82 = Ax5.5 TV |
o & Anticnerks

[y
=‘H

I 1

5

- sabebbddd LI LI LD LY Earey ——ya
‘ ."‘t31. : et RN R A Q‘:;:;‘ [] ".

dN / dpr dy [GeVY)
dN / d’prdy [GeV]
=3

1u‘1 i r"““““l‘...‘.i.l.l-llilll‘li‘lhﬁh.i“.L‘l““l“‘::]
11 SORERSEENNNREEE e

_, o o
L :Ith“ “ltxlg

a0 10'1 3 .;fll“i"l"l"i“‘-“.“ii““'lﬂl‘{lﬁl‘!“.
. z " ‘.::‘.n TS '“"““""“‘“‘hunn.:::‘ *y

at e
10 10t = 4
2 4 &6 & 10 12 14 16 18 20 -4 -2 0 2 4
Pr [GeV] 4

LO calculations with K = 2.5 including nuclear shadowing.

Charles Gale F.FF

l'“fﬁ Quark Matter 2004 McGill h




/ Photon sources
« Hard direct photons

e EM bremsstrahlung

e Thermal photons from hot medium

« Jet-photon conversion

\_

el

I's

pQCD calculation including shadowing

pQCD calculation including shadowing
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Results (photons)
/oRHIC - . . — _ \
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/°LHC
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How does this compare with “traditional”
predictions?
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No contradiction:
complementary (also true
for dileptons)

Still a small window for
thermal plasma radiation

Initial pQCD component
will be measured in pp
reactions at the same
energies!

Similar conclusions for the
LHC
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/ Dilepton Rates & In-medium \

Information e

€
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/ In-medium

Lepton tensor photon self-E

ImTT,, ~ |mj d*xe ™ << J,(x)J,(0) >>,

Qirectly related to the in-medium vector spectral densities/

1 Charles Gale ﬁ*
|%{ Quark Matter 2004 MeGill =




/Sa

g dN/dq [GeV ]

me spectral densities:Low mass

dileptons and real photons

] 208 208
. Pb(158AGeV)+ Pb .
lj ' 109% Central Collisions
2.35<y<2.05
. [ (T=205MeV)
sUMm r.:_‘akf:-zﬂl
E———— SUM -.:_‘aI<T2:-=CI.EGe v
: sum <Ak, “>=0.3GeV*
0 1 2 3 4

(d°N_ /dndM) / (AN /dn) [100MeV]”

S. Turbide, R. Rapp, and C. Gale, PRC (2004)

—
a

i
a

s
a

—
a

Pb(158AGeV)+Au
<N  >=250
ch

n

'
o
TT

'
-

- = '96 Data
- = Cocktail
|- Cktl +free nx

| — Ckitl + in-med. nx

= —- Cktl + dropping p-mass

'
[+2]

CERES/NA45 |

p,>0.2GeV
2 1<n<2.65
0_>35mrad

M_, [GeV]

L 1 | 1 | 1 1 | | | 1 | | 1 1 1 | | 1
00 02 04 06 08

1 I | ‘-_‘
1.0 1.2

IN,H Quark Matter 2004

Charles Gale ﬁ*
McGill ¥




/ Dilepton sources \
« Drell-Yan dileptons
>--< pQCD calculation including shadowing

e Thermal dileptons

 Jet-virtual photon conversion
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ﬂepton pairs from jet-plasma interactiorm

1 (27)° deQCD
_ _ f. =
fth(p) exp(—E/T) jet(p) . ﬂRJZ_TpT cosh y dszdy

x0(n=Y)0(r = 7)0(7 —7)O(R, —T)

Rates for ab — ¢7/"are calculable in relativistic kinetic theory

R= [ L0 1 ()[R 1, (p YoMy,

\ (2z)° ° (2z)’ /
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e

Dynamical ingredients

Bjorken model

To(fmic) | To (GeV) | Aq() Mg
SPS 0.20 0.345 |1.0 1.0

0.50 0.254 |1.0 1.0
RHIC |0.15 0447 |1.0 1.0

0.50 0.297 |1.0 1.0
LHC [0.073 |0.897 |1.0 1.0

Self-screened parton cascade

RHIC ]0.25 0.67 0.34 0.064
LHC ]0.25 1.02 0.43 0.082

™

Different initial
conditions are
explored
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Results | (dileptons)
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Results | (dileptons)
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Results ||

Initial fugacities from the parton cascade:
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After solving the relevant master equations
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/Jet-plasma Interactions: measurable
EM signatures!

 RHIC:
— Jet-plasma interaction is the dominant source of photons up to
pr~ 6 GeV.

— Large-mass dilepton yield larger than thermal emission,
competes with Drell-Yan, which will be measured.

e LHC:

— Direct photon signal is still important
— Large mass lepton pairs dominate over Drell-Yan emission.
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EM probes as tools: can lepton pairs bm
used to learn about jets?
* Real photons have been proposed as a jet-tag:

e VWl

X.-N. Wang, Z. Huang, and I. Sarcevic, PRL 77 (1996);
X.-N. Wang and Z. Huang, PRC 55 (1997)

—

eDifficult measurement:

*At low pr, mo~yy large background
At higher p, background problem better

\ but opening angle becomes smaller /
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Dilepton-tagged jets: inclusive mass\
spectrum
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Dilepton-tagged jets: inclusive mass\

spectrum
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* There are measurable electromagnetic signatures of je
asma interaction.

e Those constitute complementary observables that would
signal the existence of conditions suitable for jet-
guenching to take place.

To do:
— Work out and incorporate the systematics of jet energy loss.

 Dilepton jet-tagging is feasible.
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